diseases is a subject which has exercised the minds of doctors and dentists continuously ever since Dr. William Hunter called attention to it more than thirty-six years ago. The literature of the subject is voluminous and it is characterized by confident statements and evidence which has failed to maintain itself against informed criticism. As Dr. Hunter envisaged the subject, oral sepsis meant chronic general periodontitis, and its systemic effects arose from the swallowing of the discharges. For the past ten years much greater importance has been attributed to the occult sepsis associated with peri-apical infections, the existence of which is supposed to be revealed by the X-ray photograph. It is safe to say that doctors and dentists have known so many cases of adenitis, arthritis, fibrositis and secondary infection which markedly improved after elimination of dental sepsis that they cannot doubt that the causal relationship is frequent, and that they have seen so many cases of extreme dental sepsis without discoverable systemic disease, and so many cases in which extensive tooth extraction was not followed by amelioration of the systemic disease, that it is impossible to give a scientific account of the relationship. In the course of a masterly survey of this subject contributed by Mr. A. T. Pitts to the second edition of Sir Norman Bennett's " Science and Practice of Dental Surgery" he frankly admits the absence of precise knowledge of the relationship, and the scientific necessity of avoiding dogmatic statement. The varying effects of dental sepsis and of extraction for its elimination as a cause of existent systemic disease, can only point to variation in the potency of those little understood but vastly important mechanisms of resistance to infection which correspond with that " vis medicatrix naturae " to which Hippocrates attached so great an importance. We understand those processes better than he did; their exploitation is the hopeful line of advance. Actinotherapy-treatment by electro-magnetic rays belonging to the visible part of the spectrum and the ranges of waves immediately longer and shorter than thesewas unfortunately introduced to the dental profession on empirical lines which quite inadequately regarded the experience obtained in the field of general and special medicine and surgery. Small carbon and metal-impregnated carbon arcs were supplied by the depots, fitted with specula which permitted a more or less efficient application of rays to the interior of the mouth. Only 5% of the output of such arcs consist of ultra-violet rays, and as the arcs were operated by the ordinary lighting circuit, with an amperage of 5 to 10, or thereabouts, the energy compared MAY-PHYS. MED. 1 very poorly with that of the 50 or 80 amp. carbon arcs, which medical actinotherapists were demanding. It was claimed that such rays stimulated healing and relieved inflammatory as well as neuralgic pain in and about the mouth, and had the effect of bleaching stained tooth tissues.
By 1925, however, when these lamps were recommended to the dental profession, there was already a considerable body of experience which had been gained in distinctive medical and surgical fields. Forty-six years earlier Nils Finsen, the pioneer in modern heliotherapy, had had his first successes in the treatment of lupus with the carbon arc rays; and early in the present century H.M. Queen Alexandra had presented a recent m odel of the kind of lamp used at the Finsen Institute at Copenhagen to the London Hospital, in order that the benefits might be extended from the land of her birth to the land of her adoption. Since that date the treatment of lupus in both these centres has been modified by the addition of general body baths of ultra-violet rays, with results which show a great advance in the rapidity of the cure, the percentage of successes, and success with the more advanced cases. It is no longer believed that the rays have a specific lethal effect upon the tubercle bacillus embedded in the lupoid nodule, and the rays probably never penetrate to the actual bacilli. The effect of irradiating the skin is the activation of certain defence reactions and the reinforcement of the circulating blood with powers effective against the tubercle bacillus.
For twenty years Rollier had been applying the same therapy by means of the Alpine sky-shine and sun-shine to cases of tuberculous infection of the bones and glands, while the sanatorium r6gime for pulmonary tuberculosis, by insisting on exposure to cold and fresh air on a carefully graduated system of doses, had utilized heliotherapy without recognizing the value of deliberate and adequate employment of this therapeutic measure. For nearly twenty years Dr. Bernhard at St. Moritz had used heliotherapy with success in the treatment of wounds, finding that the rays stimulated resistance against sepsis and also stimulated the healing processes.
More recently dermatologists had extended the use of actinotherapy from lupus to certain skin diseases, with special success in the staphylococcic infections responsible for acne, boils, and carbuncles, and other skin infections. In the laboratory, too, experiments showed that general irradiation restored the power of resistance to common non-specific infections when the resistance was subnormal. Sir Leonard Hill showed that this was the case with rabbits and with man, with the proviso that man has acquired a high non-specific resistance which is probably never so markedly-lowered as it is in the experimental animal.
The question, therefore, in 1925 was, or should have been, whether these remedies could be applied to diseased dental conditions with any reasonable prospect of success, and the method indicated by medical experience was obviously the method of general irradiation of the whole, or at least a large part, of the body.
One of the first cases with which I dealt on these lines was that of a woman with advanced pyorrheea, who was definitely ill with mainly gastro-intestinal symptoms. At her request I extracted the left upper molars under a local anaesthetic. The result was an exacerbation of all the symptoms for nearly a week, and the wounds were septic and slow in healing. I decided to give two general irradiations before attempting any more extractions. The rest of the numerous extractions were carried out in four batches, with intervals for irradiation, and the contrast with the first sequelwe was most striking. Three months later, when the impressions were taken for dentures, the left molar region was still lumpy and irregular, whereas the rest of the alveoli were in excellent condition for denture support. The patient's health was greatly improved. I have heard dental surgeons say that they were pleased to note a decided exacerbation of symptoms after the first extractions, but, encouraging as this may be, I think it involves a risk that we ought to avoid if we possibly can; and I regard the pre-operative irradiation as an invaluable prophylactic against every 784 785 kind of septic sequela. It is unfortunate that the bacteriologists have not yet evolved a generally approved test which will indicate susceptibility to common infections, but as surgeons would presumably like all their patients to come to the operating-table in the pink of condition after a fortnight's saturation in sunshine, it is reasonable to suggest that unfortunate sequelm would be much less common if ultra-violet rays from artificial sources were administered as a routine prophylactic. I urge this especially in the case of obstetrics. There is widespread concern about the fact that, despite all the advances in obstetrical methods-the education of doctors and midwives, the improvements in antiseptic technique and instruments, the provision of lying-in institutions, and scientific diagnosis of the mechanical conditions affecting individual cases before labour commences-the statistics of maternal mortality and infections occurring during the puerperium are not appreciably better than they were twenty years ago. The inference I draw is that the dominant factor in the chances of infection lies in the patient's own powers of resistance to comnmon infections, and that this factor has at any rate not changed for the better. Reports have been published in the Journal of Physical Medicine which indicate that prophylactic irradiation has a decidedly favourable influence on the expectant mother's powers of resistance to infection, and there seems every reason for giving this very practicable and inexpensive therapy an extended trial in this field.
To return to dental conditions: Prophylactic irradiation is certainly indicated when conservative treatment of peri-apical infections is attempted, whether the resection of the apex is included or not, for in these cases it is clear that the patient's tissues are struggling unsuccessfully with an infection which must be overcome if conservative treatment is to be successful. The sterilization of the root-canal and the adjoining dentine is within our power by means of the silvernitrate-ammonia process or by antiseptic cataphoresis, but Professor Fleming's [2] researches and results forbid us to hope that we can destroy bacteria in the peri-apical tissues without destroying the phagocytes and other cells on whose activity the conquest of the infection ultimately depends. Clinically, I am convinced that general irradiation is of great value in these cases.
Ideal prophylactic dosage seems to consist of two doses which cause no erythema followed by one which produces a first-degree erythema two days before the operation. Many of these infections resemble pyorrhmea in their chronicity and insidiousness and a stimulating dose of rays would appear to be indicated in order to arouse the dormant reactions of the tissues on which the bactericidal effects depend. Before I leave the subject of prophylactic irradiation, I should like to refer briefly to one aspect which I have not seen mentioned in the literature of this subject. My own experience confirms the observation made by Dr. Wilfrid Harris, that many cases of tic douloureux, or trigeminal neuralgia, date from the extraction of chronically septic teeth or even a single tooth which has been difficult to extract. Shock and trauma following chronic sepsis in the area operated on, in middle or advanced age, appear to be the determining causes of this formidable complaint. We can reduce trauma by opening the alveolus with the chisel or drill, and then prophylactic irradiation for the purpose of raising the resistance against sepsis to its optimum for that patient is clearly indicated. I have had cases for extraction in which spasmodic neuralgia with "trigger zones" had already manifested itself and I have been much gratified to find the symptoms subside after I have adopted the sequence of irradiation first, extraction second.
This discussion has already disclosed two other fields in which experience in general medicine and surgery suggests an extension of actinotherapy to dental diseases-the surface epithelium and the formation and repair of bone. Professor E. Mellanby [3] , who elucidated the influence of the fat-soluble vitamin D on the formation of bone, and differentiated this vitamin from vitamin A, has also demonstrated that vitamin-A deficiency leads to degeneration and infection of the surface epithelium of the bronchial, gastro-intestinal, and genito-urinary tra.cts [4] . As dental surgeons we are concerned with the stratified epithelium of the mouth, which, like mucous membrane lining the other orifices of the body, derives embryologically from the invagination of epiblastic cells. These cells have remarkable physiological functions. Their rapid shedding and replacement from the deeper layers is a mechanical device which rapidly eliminates a surface infection, and discarded cells are seen under the microscope to be riddled with bacteria, but the rapid healing of deeper septic wounds in the mouth is a phenomenon the importance of which familiarity causes to be overlooked. Whienever these functions fail, however, we are soon made awavre, as in the case of failure of the blood to clot, how dependent we are on the effective performance of these all-important functions, which we generally take for granted. The so-called neurotic or dyspeptic ulcer of the buccal mucous membrane resembles-in its intractability to treatment by antiseptic and other local applications-the erosion of the uterine cervix, and the fissure-in-ano, but the rapid curing of the buccal ulcer was the first striking instance of the benefit conferred by general irradiation with ultra-violet rays which I noted in my own practice and have confirmed repeatedlv.
Having recognized the significance of the discovery that general irradiation promoted the healing-over of breaches in the epithelial seal of the buccal mucous membrane, I naturally explored its possibilities in the treatment of the gingivitis of adolescents and early pyorrhoea. The earliest symptom of pyorrhcea is frequently a generalized sensitiveness of the teeth to cold, which is before any tendency of the edges of the gums to bleed has been observed. When this sensitiveness is complained of it is possible to detect with a lens that the gingival margin is thickened, irregular, and eroded at certain points. The sensitiveness is a transient symptom due, I think, to the exposure of the nerve terminals in the gingival margin; when these are destroyed by the advancing pyorrhcea, the interdental spaces seem to tolerate the packing of food debris which healthy gum-tissues resent. This generalized sensitiveness has usually been attributed to early cervical caries of the teeth, but I find that I can often eliminate this possibility by carefully testing the necks of the teeth with a probe.
This discovery led to another. It is generally realized that if careful examination is made of the teeth of a number of children soon after they haxe partaken of the same meal, striking differences in the cleanness of the teeth and gum-margins will be noted-even when cases are eliminated in which there is a mechanical defect, such as unopposed or tender teeth which prevent efficient mastication. A striking record of this was made by Mr. F. Breese [5] , and in view of the carbohydratestagnation theory of the origin of caries, the significance of deficient automatic scavenging of the mouth is obviously great. It is difficult to see in what way this can be a function of the gingival epithelium, and it seems more probable-as Dr. Sim Wallace has urged-that it is the function of the salivary ptyalin to break up the carbohydrate radicle of food d6bris and render it soluble, so that it may pass away before it can become attached to the teeth and be slowly subjected to bacterial fermentation, with acid production and injury to the dental tissues. However this may be, the effect oI general irradiation in restoring the scavenging function in these mouths which remain fouled by food has been, in my experience, very striking, and I find that the patients themselves easily recognize that the teeth feel polished to the tongue instead of greasy and felted, as they do when the function is in abeyance. I have reported an experiment which shows how rapid is the action of the ptyalin secreted after irradiation in a case in which the ptyalin action had been sluggish [6] . This experiment needs to be repeated under stricter laboratory control than is at present available to me, but even as it stands it seems to offer an explanation of the enhanced resistance to dental caries following the systematic irradiation of patients who display multiple points of caries in the cervical area or elsewhere.
Every student of actinotherapy is aware of the researches that led, first, to the recognition of vitamin D as the promoter of calcification of bone, secondly, to the discovery that general ultra-violet irradiation cured and prevented rickets at least as efficiently as the vitamins D and A present in properly prepared cod-liver oil [7] although by no means always present in every bottle that is marketed [81-and thirdly, to the realization that by ultra-violet irradiation vitamin D properties can be conferred upon the ergosterol associated with the skin-fat of mammals. These discoveries should be of the utmost interest to dental surgeons.
The permanence of the improvements in position of the teeth in orthodontic cases obviously depends upon their fixation by the deposition of bone around their roots, and the not infrequent failure of teeth to retain their correct position, even after prolonged splinting for retention, shows that the bone-forming function will not be efficiently carriecd out unless it is provided for by the recognized stimulant. Moreover a rapid consolidation of the teeth in their new position is eminently desirable in view of the danger of infection which results in pyorrhcea if it is not arrested. Dr. Stanley Co]yer was the first, I think, to observe how frequently the pyorrheea patients he was asked to examine by X-rays had undergone orthodontic treatment in childhood. In the absence of definite proof of this relationship it may surely be claimed that what we know of the pathology of pyorrhmea favours the suggestion that ill-repaired injuries to the tooth socket, incidental to the moving of teeth, strongly predispose to chronic gingivitis and pyorrhea. For the same reason it is most important to control, by means of general irradiation, the subacute gingivitis which so often arises in the course of orthodontic treatment. This control can definitely be achieved in many cases which ought otherwise to be regarded as unsuitable for orthodontic treatment, and it will be noted that in these cases we are able to avail ourselves of both the effects of general irradiation, i.e. we are maintaining the epithelial defences against infection, and we are stimulating the formation of bone where it is wanted.
At this point it will be well to consider whether these results can be obtained more readily or more economically by the older forms of therapeutics. The vitamins contained in cod-liver oil have been isolated from it, and prepared synthetically, thereby circumventing the violent antipathy that many children manifest against the oil, which, as commercially prepared, is by no means a reliable source of these vitamins. Calcium can be administered by the mouth in suitable doses. It must be said at once that the administration of calcium salts, without providing for the presence of vitamin D is often quite ineffective for promoting calcification of bones or teeth or the coagulation of blood. Some reports published by Mrs. M. Mellanby and Mr. C. L.
Pattison [91 certainly suggest that calciferol (a proprietary preparation of ergosterol)
is effective in controlling caries, but I have yet to be convinced that the way to stop the inroads of the acids and bacteria of caries is to provide for hyper-calcification of the tissues that lie in the line of advancing caries, and I still regard general ultraviolet irradiation as alone affording the means of a comprehensive attack on all the causes which contribute to caries-stagnation, infection, and decalcification. Neither should it be forgotten that, although it has only recently been possible to explain some of the more obvious of the benefits derived from ultra-violet rays, their good influence has been known empirically for at least 2,500 years and has been exercised upon the living organisms since its inception.
With regard to more advanced cases of pyorrhoea in which pocketing has occurred. there is now a tendency amongst dental surgeons to turn again to a more conservative line of treatment. It is believed that, in the type of disease now generally recognized as " dirt " pyorrhcea-because the essential cause is neglect of hygiene-the adoption of an efficient hygiene will arrest the progress of the disease, but that efficient hygiene is only possible when the pockets have been eliminated, so that free drainage and thorough cleansing of the exposed root surfaces can be secured. It is too soon, however, to speak with confidence of the success of gingivectomy coupled with the habitual cleansing of the interspaces, although the results are obviously good, as far as they go, in many cases which I have seen. In other cases the local signs have suggested that the absence of an infective or metabolic factor has been too easily assumed in the presence of lowered resistance. Common prudence surely urges us not to leave the issue to chance when we possess in general ultra-violet irradiation an established means of raising the patient's resistance to infection. As many of the severest cases of pyorrhcea owe little or nothing to the stagnation of dirt, it seems wiser to assume that the factors of infection and non-resistance, which play the major roles in these cases, are also operative in greater or less degree in every case of dirt pyorrhcea.
For use in the dental surgery I am still convinced that the mercury-vapour lamp, slung over a pulley above the dental chair and fitted with a ring of curtain impervious to light, has every advantage over any other source of ultra-violet rays. There are no fumes, there is little heat, small running cost, no encroachment on floor space, no need for goggles, and no exposure which modesty might resent outside a doctor's consulting-rooms. Except for the work of pioneers in this therapy I am sure that dental surgeons would be well-advised to have the rays applied on prescription by people who specialize in these things.
The value of intra-oral irradiation still seems as questionable as when the method was first introduced. The ultra-violet rays which are of therapeutic value do not penetrate the tissues beyond the depth of 01 millimetre and it is doubtful whether any of the reactions which follow irradiation of the skin occur when mucous membranes are irradiated. These cavities have had no opportunity of developing the response to light stimulation which the skin has acquired in the process of evolution, and the mouth by reason of its irregular shape and moisture is unfavourable.
A localized burn which can easily be produced by the water-cooled Kromayer lamp may serve as a blister or counter-irritant, such as was practised by the physicians of bygone days, and will tend to sterilize the surface of a septic wound.
Mixed rays applied to eosin-painted gums that are the seat of chronic hypertrophic gingivitis seem to bave accelerated the cure of this condition, which does not respond very well to general irradiation. These mixed rays, the output of carbon arc, tungsten arc, or filament lamps, are valuable wherever it is desired to heat-up the tissues, as by a fomentation, but it is important to remember that the visible rays-especially those which belong to the red and yellow ranges-penetrate more deeply and have greater heating effect even at a slight depth, than the infra-red rays, and a much greater one than the ultra-violet rays. The judicious use of the light yielded by the domestic reading-lamp for half an hour at a time is of value in inflammatory conditions, such as third-molar inflammations, but the rare cases of lupus of the gums seem to be the only cases definitely calling for intra-oral ultraviolet ray therapy.
Mr. H. Mandiwall said that a number of children with dental abscesses had been treated by light, in conjunction with the usual dental treatment, at the Eastman Dental Clinic of the Royal Free Hospital, by kind permission of Dr. Heald (the President) and Mr. C. L. Endicott.
He (the speaker) used general, as well as local, irradiation for treating dental cases.
For general irradiation he used the carbon arc, as by that means several children could be given light at the same time. For local irradiation he used the Kromayer lamp. Exposure for general treatment began with two minutes each way at 36 in. back and front, and increased by two minutes every other day until the maximum of fifteen minutes each way was reached: this was given for two weeks three times a week. For local irradiation the gums and teeth received light at 2 in. for half a minute, to begin with and the dose was increased by half a minute every other day until the maximum of two minutes was reached; this dose was given for as long as the general treatment lasted.
To sterilize the root-canal he found ionization of great value. He used a 3% solution of zinc chloride in the tooth with a platinum needle on the positive pole. The duration lasted according to the number of milliamperes that the patient could bear with comfort. He followed the rule of 30-that is, 30 divided by the number of milliamperes would be the time of duration for ionization. After each treatment the root-canal was sealed, and he found that about three sittings were sufficient to obtain the negative report from the bacteriological examination of the paper point which had been left in the root-canal for three days.
The other conditions in which light treatment had proved useful, were fractures of the mandible, neuralgia, and buccal ulcers; it was also useful for regenerating bone after apicectomy. Close co-operation between the dental surgeon and the physio-therapeutist was absolutely necessary, unless the dental surgeon himself was prepared to carry out the light treatment in his own surgery.
[Skiagrams illustrating the results obtained in Mr. Mandivall's cases were shown on the screen by the epidiascope.]
Dr. Albert Eidinow said that although Mr. Talbot and Mr. Mandiwall had carried out their work so well that as individuals he must forgive them, he felt that the general application of ultra-violet rays to the normal skin was beyond the province of dental surgeons. He fully agreed, however, that the inter-oral administration of ultra-violet rays in conditions of dental disease was the justifiable work of the dental surgeon.
Mr. Talbot and Mr. Mandiwall had given an amazingly good demonstration of the influence of ultra-violet rays on calcium metabolism and in increasing blood-resistance. The irradiation of the normal skin activated vitamin D, and increased the blood calcium metabolism and in this way improved the calcification of teeth.
Personally he would have used a different technique in irradiation of the skin and would have exposed a small area of skin, roughly 10 by 12 in., and applied a definite erythema dose. At each treatment, a different area of skin would be selected. This he considered the best way of increasing blood resistance. Regarding the intra-oral administration of ultra-violet rays, when the local effect caused a counter-irritation, increasing the local capillary blood supply, it was to be remembered that in the mouth there was very little fatty sterol, so there could be little activation of vitamin D, as the sweat-glands and sebaceous glands which formed the threshold of sterols were absent in the mucous membrane of the mouth.
It was possible to demonstrate the intensive dilatation of blood-vessels produced by ultra-violet rays and also the fact that this dilatation persisted for many months after irradiation. These facts could be demonstrated by the subcutaneous injection Proceedings of the Royal Society oj Medicine 46 of histamine. The old irradiated areas would flare up from five to ten minutes after the injection of histamine.
It was necessary to insure a good drainage before an inter-oral application of ultra-violet rays. For this reason the intra-oral application of such rays was best controlled and administered by the dental surgeon, because, failing efficient drainage, the infected teeth would flare up and aggravate underlying disease.
Regarding the relief of pain following the extraction of teeth or a bad facial neuralgia, he considered that the local application of infra-red rays, especially the luminous and short infra-red rays, was by far the best therapeutic agent.
Mr. C. L. Endicott also took part in the discussion.
